Glucose deprivation induces Akt-dependent synthesis and incorporation of GLUT1, but not of GLUT4, into the plasma membrane of 3T3-L1 adipocytes.
Reduction of the glucose concentration in the culture medium of 3T3-L1 adipose cells below 1.25 mM produces a 4-8-fold stimulation of 2-deoxyglucose uptake which starts after a lag phase of 2 h and is maximal after 10-16 h. In the present study, we employed the 'membrane sheet assay' in order to re-assess the contribution of the transporter isoforms GLUT1 and GLUT4 to this effect. Immunochemical assay of glucose transporters in membranes prepared with the 'sheet assay' revealed that the effect reflected a marked increase of GLUT1 in the plasma membrane with no effect on GLUT4. Glucose deprivation increased the total cellular GLUT1 protein in parallel with the transport activity, whereas GLUT4 was unaltered. The specific PI 3-kinase inhibitor wortmannin inhibited the effect of glucose deprivation on transport activity and also on GLUT1 synthesis. Glucose deprivation produced a moderate, biphasic increase in the activity of the protein kinase Akt/PKB that was inhibitable by wortmannin. When wortmannin was added after stimulation of cells in order to assess the internalization rate of transporters, the effect of insulin was reversed considerably faster (T1/2 = 18 min) than that of glucose deprivation (T1/2 > 60 min). These data are consistent with the conclusion that the effect of glucose deprivation reflects a specific, Akt-dependent de-novo synthesis of GLUT1, and not of GLUT4, and its insertion into a plasma membrane compartment which is distinct from that of the insulin-sensitive GLUT1.